The measurements of B-type natriuretic peptide (BNP) or N-terminal proBNP (NT-proBNP), when taken together with conventional clinical assessment, may assist in making the prognosis and also for making serial adjustment of such treatment. But although such commercial assays are currently approved for the diagnosis of heart failure, the role of the natriuretic peptides for monitoring the success of congestive heart failure (CHF) therapy has not as yet been submitted for regulatory approval. Moreover, because of the intra-individual biologic variation of the BNP or because of multiple factors that affect the BNP levels, the magnitude of the change of BNP levels must be large to confidently interpret BNP changes within an individual, and just how large has not been determined. Yet the levels of plasma BNP and NT-pro BNP are well correlated with the concurrent haemodynamic measurements and indicators of left ventricular systolic function. Also, BNP and NT-pro BNP serve as significant prognostic information and it is possible that adjustment of anti-heart failure therapy according to serial measurements of BNP (in addition to the standard clinical assessment) may offer improved outcomes. 
Introduction
When a patient displays increasing cardiac dysfunction, the synthesis and release of cardiac natriuretic peptides rises incrementally in concert with other observed neurohormonal responses during heart failure. 1) Therefore, increased B-type natriuretic peptide(BNP) and/or N-terminal proBNP(NT-proBNP) have been proposed as markers for symptomatic ventricular dysfunction, and they can help physicians make the diagnosis of cardiac dyspnea. [2] [3] [4] [5] [6] [7] Therefore, measurements of BNP or NT-proBNP, when taken together with conventional clinical assessment, may assist in the decision of whether or not to initiate anti-heart failure pharmacotherapy and also for the serial adjustment of such treatment (Fig. 1) . 8) A large body of published observational data attests to the power of plasma measurements of BNP or NT-proBNP to assist in the diagnosis of symptomatic heart failure and to provide independent prediction of death and later cardiovascular events during both acute and chronic heart failure. 9) Serial BNP measurements have recently provided incremental information that goes beyond the clinical presentation or they can be used as an end point to assess the efficacy of heart failure therapy and as a prognostic marker of heart failure. [8] [9] [10] [11] Although commercial assays are currently approved for the diagnosis of heart failure, the role of the natriuretic peptides for monitoring the success of congestive heart failure(CHF) therapy or as a therapeutic target for heart failure has not yet been submitted for regulatory approval.
The following brief review summarizes the available information concerning the reported relationship between changes in the plasma concentrations of BNP or NT-pro BNP and the clinical outcomes. We also summarize the clinical significance and some of the limitations of serial monitoring the BNP or NT-pro BNP.
The BNP or NT-Pro BNP Levels as a Treatment Target for Heart Failure
In many conditions, the treatment can be titrated against a target. For example, for hypertension this is the blood pressure, for diabetes this is the blood sugar level and for hypercholesterolemia this is the cholesterol level. Patients with acute heart failure have high mortality and a very frequent readmission rate after discharge. Therefore, to identify the high risk patients and monitor the 394·Korean Circulation J 2007;37:393-398 success of treatments are major issues. The method and factors to identify the patients who are at a high risk of death or readmission and to monitor treatment success are the clinical symptoms and signs, the New York Heart Association(NYHA) class, echocardiography and the BNP or NT-proBNP test. 9) But in the real clinical world, congestion suggesting an elevated pulmonary capillary wedge pressure(PCWP) often does not translate into signs or symptoms. Among the patients with severe heart failure and elevated PCWP, some patients revealed no congestion or rales. Also, haemodynamic congestion may not be recognized clinically or it doesn't translate into symptoms/signs until late. 12)13) Even though several profiles have been shown to be effective, there is currently no target in the clinical profiles for the treatment of heart failure that is objective, reliable, practical and inexpensive. The BNP levels correlate positively with the cardiac filling pressures and volumes and they are inversely-related to the left ventricular ejection fraction. Also, neuro-hormonal imbalance between the rennin-angiotensin-aldosterone system and the natriuretic peptide system is a significant patho-physiologic mechanism of heart failure ( Fig. 2A) . After treatment, recovery of neuro-hormonal balance means stabilization of the heart failure status (Fig. 2B) . The BNP level during follow-up of heart failure patients has been considered to be a sort of biochemical Swan-Ganz catheter, and this is analogous to the HbA1c level in patients with diabetes mellitus or the AFP level in patients with hepatocellular carcinoma. Because the BNP levels correlate with the atrial and ventricular filling pressures, it is reasonable to ask whether changes in the BNP can mirror the effectiveness of therapies designed to reduce filling pressures. According to the data by Dr. Maisel( Fig. 3) , as the wedge pressure fell, so did the BNP level during 24 hours of treatment in patient with acute heart failure. 14) It is interesting to note that even after the wedge pressures normalized in these patients, the BNP levels continued to decline. This reflects continual neuro-hormonal normalization and the BNP was a relatively good indicator for monitoring treatment. Therefore, it is possible to accept that BNP Neuro-hormone imbalance in heart failure. For patients with heart failure, the rennin-angiotensin-aldosterone system, the sympathetic nerve system and the endothelin systems are activated over the counter-regulatory natriuretic peptide (BNP, ANP) systems or other systems (A). Therefore, neurohormonal imbalance is a significant patho-physiologic mechanism in heart failure. After treatment, recovery of the neurohormonal balance means stabilization of the heart failure status (B). BNP: B-type natriuretic peptide, ANP: A-type natriuretic peptide, RAS: renin-angiotensin-aldosterone system, SNS: sympathetic nervous system.
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14)
During 24 hours of treatment for patient with decompensated congestive heart failure, the wedge pressure decreased below 20 mm Hg within 16 hours and then remained there. As the wedge pressure fell, so did the BNP level. It is interesting to note that even after the wedge pressures normalized in these patients, the BNP levels continued to decline. This reflects continual neuro-hormonal normalization and the BNP was a relatively good indicator for treatment monitoring.
or NT-proBNP is currently a good target for the treatment of heart failure; it is objective, reliable, practical and inexpensive.
Treatment Monitoring by B-Type Natriuretic Peptide Serial Measurements
As mentioned above, the BNP or NT proBNP may be a reliable target for the treatment of heart failure, yet important questions need to be addressed. First, how should the results of serial measurements of BNP or NTproBNP be interpreted? Second, how many BNP levels should be determined in the hospital? Finally, is it possible to use the BNP or NT-proBNP measurements in out-patient clinics?
The first issue is interpretation of the BNP changes in heart failure. For patients with heart failure, their BNP levels decrease with adequate medical therapy when the disease is improved or stabilized. The decrease of BNP correlates with clinical benefit, improvement of the functional parameters like the ejection fraction(EF) and the surrogate parameters of therapy success like the renin levels and a decreased heart rate. Furthermore, patients who were most likely to have a cardiac event had higher BNP levels both at the times of admission and discharge. 8) Also, elevated BNP levels may offer superior prognostic information to the critical care practitioner to help identify those patients who are at the highest risk for mortality. Changes in the BNP and NT-proBNP levels over time are associated with concurrent changes in the EF or ventricular volumes and the clinical symptoms, suggesting that these natriuretic peptides may potentially serve as useful surrogate markers for patients with progressive heart failure. Also, these observations of the serial measurements of the BNP and evaluating their changes served as significant clinical information for heart failure. The data from several studies demonstrated that changes in BNP correlated with changes in the NYHA status or prognosis. Lopez et al. demonstrated that this BNP level was decreased by 21% in the patients who maintained a state of decompensated heart failure, but the level was improved by 57% in the patients whose heart failure completely recovered to a chronically stable state (Fig. 4) . 8) For our data, the BNP level at the time of the initial visit was 1400.5±1205.4 pg/ mL and this decreased by 67.2% to 439.0±697.6 pg/ mL 1-3 months later in the patients with acute heart failure who showed a good clinical outcome, and the BNP levels were decreased significantly in patients with a poor prognosis(8.7%) compared to those with a good prognosis. Therefore, the results of serial measurements of BNP are interpreted as a reduction of the BNP level means clinical improvement and this causes good clinical results.
11)
The second question is that how many BNP levels we should obtain in the hospital. According to many articles, checking the BNP levels at admission or the first visit provides useful information for the diagnosis of HF or the assessment of the HF severity. Some reports have suggested that when the plasma BNP is measured shortly before discharge in the patients who have been recently admitted to the hospital for the treatment of decompensated heart failure, such levels assist in the prediction of the risk of death or readmission to the hospital at intervals of between 30 and 180 days after discharge. Cheng et al. 15) reported on the results from a group of 72 patients who were admitted with decompensated heart failure over a 10-month period. The BNP levels were measured at admission and before discharge. In those patients who were destined to die or be readmitted to the hospital within 30 days, their plasma BNP levels were higher on average(1569±224 pg/mL vs. 906±96 pg/ mL) and they tended to rise rather than fall during their inpatient stay(to the predischarge levels of 1801±273 pg/mL) compared with those patients who did not later incur death or readmission(in this group, the predischarge levels were 690±103 pg/mL). The authors found that a BNP level of 950 pg/mL before discharge had a 90% negative predictive value for 30-day death and/or readmission. They suggested that a target BNP level might exist that would be associated with greater patient stability after discharge. 15) In a report by Logeart et al., they demonstrated that between admission and before discharge, the BNP levels fell on average by 50%. 9) These authors found that a BNP level of 350 pg/mL was optimal for the prediction of death and/or readmission to the hospital with heart failure over a 6-month followup period. When the derivation and validation groups were combined, a clear stepwise increase in risk of these 6-month end points was observed with increasing levels of plasma BNP. Before discharge, a BNP level of 350 pg/mL conferred a 16% risk; if the level was between 350 and 700 pg/mL, then the risk rose to 60% and if a BNP level before discharge was in excess of 700 pg/mL, then the risk was 93% (Fig. 5) . 9) Hence, there is a power- 8) The NTproBNP levels were significantly lower in patients with complete resolution than those in the patients with an insufficient response to therapy (p<0.05). BNP: B-type natriuretic peptide.
ful association between the plasma concentrations of BNP before discharge in patients who had been recently admitted and they had decompensated heart failure and a later risk in the short-to-intermediate term of either death or readmission to the hospital. So, how many BNP levels should we obtain in the hospital or during the early discharge period? Probably at least 2 times: the BNP should be checked during the hospital period(first at admission for the diagnosis of HF or the assessment of the HF severity, and second at the time of discharge or during the early discharge/follow-up period for identifying high-risk patients and to monitor treatment). However, no randomized controlled trial to date has tested the ability of such data to improve outcomes and evaluate the acceptable time for a BNP check-up.
The final issue is the usefulness of serially checking the BNP in the out-patient clinic. For ambulatory patients with established chronic symptomatic systolic heart failure, their BNP levels were revealed to be lower than that of acute heart failure patients and the plasma BNP levels in a subset of symptomatic patients were below what would be considered to be "diagnostic". 16) In the ValHeFT study, the BNP was measured at randomization and at the 4th month in patient with chronic heart failure. 10) High baseline values of the BNP were related to high mortality and after 4 month, those patients with a highly reduced percentage of change of the BNP levels had a relatively lower risk than the other groups. In the outpatient setting, for patients with symptoms that suggest early decompensation, a rising BNP level should trigger either a clinic visit or diuretic adjustment. The measurement of BNP levels in out-patients clinic may be reliable monitoring markers with several advantages: the results are obtained results quickly and they are not affected by eating or exercise, they help adjust the diuretic early after discharge and they reflect the exacerbation or success of treatment. But to date, no randomized controlled trial has tested the ability of BNP to predict the probability of outcomes or to evaluate the acceptable time for a BNP check-up in out-patients clinics.
BNP or NT proBNP and the Prediction of a
Response to Anti-Heart Failure Therapy
Because of the well reported correlations between plasma BNP/NT-proBNP and the concurrent haemodynamic measurements and the indicators of left ventricular systolic function, 17) it is possible that adjusting antiheart failure therapy according to the serial measurements of BNP(in addition to standard clinical assessment) may offer improved outcomes. It has been well demonstrated that converting enzyme inhibitors and diuretics lower the BNP quite rapidly during the course of increased therapy for heart failure patients. 18) Neurohormonal substudies from the landmark randomized controlled trials of the converting enzyme inhibitors for treating heart failure have suggested that the plasma neurohormonal status can predict the benefit from introducing such therapy. The sum of these findings were the rationale for the treatment of heart failure as guided by the plasma NT-proBNP levels (Fig. 6) . 19) However, until the beta blocker therapy trials were launched, neither the BNP nor NT-proBNP levels have been measured in the neuro-hormonal sub-studies of randomized controlled trials concerned with therapy for heart failure. Yet there has been a recent French multicenter randomized study to evaluate the benefit of BNPguided therapy on the outcome of CHF patients that were seen in clinical practice. For this study, a BNPguided strategy for optimally treated CHF patients reduced the risk of CHF-related death or a hospital stay for CHF. The result was mainly obtained through an increased dosage of angiotensin converting enzyme inhibitor and beta-blocker. 20) But because a cut off value for the . 19) This figure shows a significant reduction in events in that group whose treatment was adjusted according to serial measurements of plasma NT-proBNP. BNP: B-type natriuretic peptide.
BNP or NT-pro BNP levels for adjusting anti-heart failure therapy has not been not determined, further studies are needed to determine the value.
Limitations for Serial Monitoring of B-Type Natriuretic Peptide
As with everything, there are limitations to BNP testing, as it is not a stand-alone test. There are some factors that can account for high BNP levels and no heart failure, or there are factors that can account for low BNP levels with heart failure( Table 1) . 5) Especially in patients with renal failure, as the renal function deteriorates, the BNP level was noted to significantly increase. BNP levels of these patients were very high even though there was no evidence of systolic heart failure.
21)22)
Despite that many publications have confirmed the relationship of the plasma BNP or NT-proBNP levels with cardiac function and the prognosis for heart failure, there is very little information available concerning the utility of single or serial measurements in therapeutic decision making. While the value of such measurements in other settings for heart failure and ventricular dysfunction has been determined, the value of the change in BNP levels, as an aid to the diagnosis of clinical deterioration in patients with established heart failure, has not been assessed. The limited data on the biological variation of BNP assays, which was obtained from normal subjects and a small number of patients with heart failure, underlines the potential difficulty in using the serial change of this parameter for determining patients' clinical deterioration. The intra-individual variation was as great as 60%, which is a far wider biological variation than that observed with other laboratory analyses.
23) The explanation remains unclear, but it may reflect the multiple variables involved in the homeostasis of natriuretic peptides, from transcription of the genetic message to the cellular secretion, metabolism and clearance, and the administered medical therapy, and all of these can affect the final value. The biological variations for BNP and NT-proBNP are sufficiently great that large differences in the results of serial testing are necessary before definitive conclusions regarding trends can be made. There are discordances in the result of BNP and NT-proBNP testing from day-to-day. Also, frequent testing(e.g. daily) for BNP and NT-proBNP to monitor therapy for patients with CHF is not indicated as the overall changes require several days to become evident.
24)
Conclusion
This review summarizes the clinical significance of BNP or NT-pro BNP assay for heart failure. The BNP or NT-pro BNP levels correlate with the atrial and ventricular filling pressures and the left ventricular systolic function, so it is a good target for treating heart failure. Serial changes of the BNP or NT-pro BNP over time can serve as surrogate markers in patients with progressive heart failure and these values give significant prognostic information and they can help track the therapeutic response of patients with heart failure. The reduction of the BNP level means clinical improvement and so heralds good clinical results. The adjustment of antiheart failure therapy according to serial measurements of the BNP(in addition to the standard clinical assessment) may offer improved outcomes. Yet because of the intra-individual biologic variation of the BNP or the multiple factors affecting the BNP levels, to confidently interpret BNP changes within an individual, the magnitude of change must be large and just how large has not yet been determined. For serial measurements of the BNP to serve as a guideline for monitoring treatment or adjusting anti-heart failure treatment, further studies are needed to determine the best cut off or target level of serial BNP measurements in a variety of clinical settings. 
